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ABSTRACT 
A review of the effect of stress on 
broodfish quality was done. Ideally, fish 
should be maintained under controlled 
conditions which, as far as possible, match 
or improve upon those to which the fish 
would have been exposed in the wild or 
controlled culture medium. In practice, 
however, the management of the rearing 
conditions-water quality, feeding regime 
and diet, stocking density, exposure to 
pathogens, genetic engineering and 
handling parameters may all create stress. 
When such stress is applied to a broodfish, 
it elicits a series of neuroendocrine 
responses, which if prolonged, can result 
in cortisol levels rising significantly above 
the baseline. Consequently, the health of 
the brood fish and the viability of the 
progeny are affected. Farmers and 
breeders are therefore advised to pay 
special attention to the nutrition and 
proper handling their broodstock. 
Keywords: neuroendocrine, 
catecholamines, adreno-corticotropine, 
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INTRODUCTION 
Stress is widely perceived as a potentially 
major cause of problems within the 
aquaculture environment. Stressed fish 
consume less food; utilize whatever food 
they do take inefficiently and are more 
susceptible to protozoan, fungal and 
bacterial pathogens and parasites. Because 
of these, the most successful husbandry 
practices are those which minimize the 
amount of stress imposed on farmed fish. 
Ideally, brood fish should be maintained 
under controlled conditions which, as far 
as possible, match or improve upon those 
to which the fish would have been exposed 
in the wild or controlled culture medium. 
In practice, however, it may not be 
possible to manage all of the rearing 
conditions. The introduction of many new 
techniques and procedures in hatchery, 
particularly with regard to induced 
spawning, genetic engineering and disease 
treatment, many times expose the brood 
fish to acute stress. This would be 
reflected in the health of the brood fish and 
the viability of the progeny.  
Paradoxically, brood fish, by virtue of 
their age, size, metabolic requirements and 
reserves, are far more tolerant of stress 
than fry or juvenile fish. Stresses which 
result in minimal apparent or measurable 
effects in brood fish often causes acute 
stress and mortality in young animal, for 
example, brood fish are far more tolerant 
of poor quality waters than juvenile fish 
(Bromage, 1995). However, one aspect of 
the biology of brood fish which clearly has 
a much lower threshold of effect of stress 
is reproduction. Consequently, 
reproductive bioassays are sometimes used 
in preference to LD50s to assess the 
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effects of environmental toxicants (Eaton 
1973, Gerking 1982). 
It has now been revealed that sub lethal 
stress may have more subtle effects, 
particularly on the reproductive system, a 
fact which hitherto has not been so well 
appreciated. This paper therefore focuses 
on the effects of stress on reproduction in 
fish, the mechanisms underlying these 
damaging effects and possible means of 
avoiding or overcoming such. 
THE ADAPTIVE VALUE OF STRESS 
RESPONSE – FIGHT OR FLIGHT 
A major feature of the response of all 
animals to stress is the wide range of 
stimuli which trigger the response. Almost 
any event which alters the immediate 
surroundings of the fish or is novel, 
noxious, toxic or threatening will initiate a 
stress response. These include transfer by 
net from tank to tank, grading, 
transportation, prophylactic treatment 
(exposure to malachite green, formalin), 
overstocking, and immunization. 
However, the exposure of fish to brief 
periods of stress is unavoidable and no 
lasting damage is caused. The response is, 
after all adaptive and evolved to help the 
fish overcome and survive brief periods of 
trauma. The response to stressful 
circumstances, commonly termed the 
‘stress response’, is a very rapid 
neuroendocrine response (nervous and 
hormonal) 
The net effect of the activation of the 
stress response is to prime the animal for 
whatever physical activity might be 
required to overcome or avoid the 
challenge –fight or flight. In fish, blood 
flow through the gills is optimized to 
ensure maximum supplies of oxygen to 
muscle and the brain, heart rate is 
increased, and energy supplies within the 
body are mobilized and diverted away 
from vegetative, ‘non-essential’ processes 
such as growth and reproduction to 
provide fuel for whatever extreme physical 
activity might prove necessary. If the 
duration of stress becomes prolonged, for 
example, if fish are exposed to inadequate 
water quality or are crowded for long or 
are experiencing a parasitic or fungal 
infection, then the stress response is also 
prolonged. Under such circumstances, the 
adaptive value of the stress response is 
lost, and it becomes instead, maladaptive 
or damaging to the animal. 
THE NEURO-ENDOCRINE 
CASCADE 
Like any other physiological processes, 
reproduction in fish is controlled and 
coordinated by hormones. The first stage 
in the initiation of a stress response is a 
conscious perception by the fish of a 
damaging or potentially threatening 
change in its environment. Somehow, a 
threshold of tolerance is exceeded and the 
automatic decision to respond to this 
change is made within the higher centers 
of the brain. From that point on, a series of 
nervous and hormonal responses is 
initiated. These are commonly termed the 
primary stress response (Fig 1) 
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Fig. 1: A schematic diagram showing the component parts of the primary neuroendocrine response 
Almost instantaneously to the initiation of 
the response, there is release of 
catecholamines (adrenaline and 
noradrenaline) from specialized cells 
within the interregnal, or head-kidney. 
This part of the response is directly 
controlled by the nervous system, which is 
why it is so rapid. Researchers have found 
it is impossible to measure baseline 
catecholamine levels in free-swimming 
fish, which require netting and 
anesthetization to obtain a blood sample. 
Catecholamine levels rise within seconds 
of disturbance and baseline levels can only 
be observed in fish fitted with cannulae 
allowing the withdrawal of blood without 
disturbing the fish). The rise in blood 
catecholamine levels is believed to be 
responsible for the adaptive changes in 
blood flow, gill function and some aspects 
of energy mobilization. It is, however, the 
second component of the primary response 
to stress on which most interest has 
centered. As the response is initiated, a 
signal is sent to an area of the brain called 
the hypothalamus which causes the release 
of a substance called corticotrophin 
releasing factor (CRF). CRF travels via the 
bloodstream to the pituitary, a small gland 
at the base of the brain. The pituitary 
might be considered the hormonal ‘control 
center’ of the body. It is responsible for 
synthesizing and releasing more than ten 
hormones responsible for functions 
ranging from control of color change to 
smoltification. CRF acts at a particular cell 
type within the pituitary to cause the 
release of adrenocorticotropin (ACTH). It 
is ACTH which then travels in the 
bloodstream to the head-kidney to 
stimulate the synthesis of the steroid 
hormone cortisol.  
Because of the multiple signals involved in 
this part of the stress response, the end 
point, elevated levels of cortisol in the 
bloodstream, is reached more slowly than 
the catecholamine response. It can require 
up to 5 minutes from the onset of stress for 
cortisol levels to rise significantly above 
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baseline. This has allowed cortisol to be 
used by researchers as a reliable index of 
stress. The levels of cortisol measured in 
the blood, and the duration of their 
elevation, give valuable information on the 
severity of the stress experienced by the 
fish. The role of cortisol during the stress 
response appears to be associated with the 
provision of energy – cortisol promotes the 
breakdown of certain energy stores. This 
hormone also has marked effects on the 
immune system which are believed to 
protect the animal against autoimmune and 
inflammatory reactions during periods of 
stress. 
In summary, the perception of a stressful 
stimulus by the fish initiates a complex 
hormonal and nervous response, the effect 
of which is to provide the fish with the 
energy and respiratory capacity required to 
survive. 
STRESS AND REPRODUCTION IN 
FISH  
Control of reproduction in fish – hormones 
and pheromones 
In common with all major physiological 
processes, reproduction in fish is 
controlled and coordinated by hormones. 
The major environmental determinant of 
reproduction in salmonids is day length. 
Providing day length changes of the 
correct magnitude occur then two pituitary 
hormones, the gonadotrophins (GTH I and 
GTH II) are released in sequence to 
promote gonadal growth and the synthesis 
of further hormones, the gonadal steroids 
(androgens in the male, estrogen in the 
female). These in turn promote gonadal 
growth and development and also control 
secondary sexual characters such as 
growth of the kype in male salmonids. 
Towards the end of the reproductive cycle, 
another steroid hormone is released by the 
gonadal tissue to promote ovulation and 
spermiation. 
If the levels of key reproductive hormones 
are measured during a period of acute 
stress, a marked decline in levels is 
observed during, and for some time 
following, the period of stress (Fig. 1). If 
the stress is prolonged or chronic, the 
suppression in the levels of reproductive 
hormones is also prolonged. 
High blood cortisol levels reduce the 
circulating levels of key reproductive 
hormones, shut down vitellogenesis, the 
process by which yolk is synthesized by 
the liver and sequestered by the 
developing ovaries, and reduces gonad 
size in both male and female fish. 
Having established the fundamental 
disruption caused to reproductive 
processes by environmental stress, the 
obvious question is whether these events 
are actually of any functional significance 
to the quality of the gametes produced by 
fish which had experienced episodes of 
stress during their reproductive 
development. In order to do this, a method 
of assessing the quality of gametes (eggs, 
milt) must be developed. 
BROODSTOCK QUALITY 
From the producer’s point of view, high 
quality brood stock are fish of good health 
and high fecundity with a predictable and 
narrow window of ovulation, whose eggs 
have a high fertilizability and survival rate 
through to hatch, and whose progeny 
perform well under aquaculture conditions. 
Obviously, no matter how expert the post-
hatch husbandry may be, the contribution 
of the parent fish, in terms of gamete 
quality, is crucial. But the question of what 
constitutes gametes of high quality, and 
how to identify such traits in potential 
brood fish, is not yet answerable. It has so 
far proved difficult to determine any factor 
identifiable prior to spawning, other than 
over-ripening of eggs, as contributing 
markedly to the quality and survival rate of 
offspring. 
In the experiment performed with trout, it 
was reported that acute handling and 
confinement stress reduce sex steroid 
levels in both male and female trout and 
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that this effect is mediated by the action of 
cortisol on the hypothalamus, pituitary and 
gonad (Sumpter et al 1987). Campbell et al 
(1992) also reported that ovulation was 
delayed in stressed fish and the fertilized 
eggs were smaller in size and of poorer 
quality. Spermatocrits were also reduced 
in stressed males. Adewumi (2005) also 
reported that Clarias gariepinus 
broodstock subjected to stress of being fed 
with inadequately heated soybean meal 
had poor reproductive performance (Fig 
2).  
 
 
 
Fig. 2: The gonado-somatic-indices of the C. gariepinus broodfish fed the different diets. Source (Adewumi, 
2005) 
DFM=fishmeal based diet, DO=raw 
soybean-based diet, D5=soybean heated 
for 5mins, D10 soybean heated for 
10mins, D20=soybean heated for 20mins, 
D25=soybean heated for 25mins, D30= 
soybean heated for 30mins 
CONCLUSION 
Clearly, these data indicate that as far as 
reproduction is concerned, acute stress is 
likely to impose limitations on the brood 
stock, egg, sperm and subsequent larval 
quality which will certainly be reflected in 
poorer hatchery productivity. Farmers and 
breeders are therefore advised to pay 
special attention to the nutrition and proper 
handling of their broodstock. Broodstck 
should be stocked in separate ponds/tanks 
and given sufficient rest/recovery time 
before use for breeding purposes for 
greater advantage.    
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